Glycinin, basic subunit and β-conglycinin were isolated from soybean protein isolate and tested for their antimicrobial action against pathogenic and spoilage bacteria as compared to penicillin. The three fractions exhibited antibacterial activities equivalent to or higher than penicillin in the next order; basic subunit>glycinin> β-conglycinin with MIC of 50, 100 and 1000 μg/mL, respectively. The IC 50% values of the basic subunit glycinin and β-conglycinin against Listeria monocytogenes were 15, 16 and 695 μg/mL, against Bacillus subtilis were 17, 20, and 612 μg/mL, and against Salmonella Enteritidis were 18, 21 and 526 μg/mL, respectively. Transmission electron microscopy images of L. monocytogenes and S. Enteritidis exhibited bigger sizes and separation of cell wall from cell membrane when treated with glycinin or basic subunit. Scanning electron microscopy of B. subtilis indicated signs of irregular wrinkled outer surface, fragmentation, adhesion and aggregation of damaged cells or cellular debris when treated with glycinin or the basic subunits but not with penicillin. The proliferation of L. monocytogenes, S. Enteritidis and Escherichia coli O157:H7 artificially inoculated into raw milk stored at 4 or 25 °C were particularly and significantly (P<0·05) reduced by glycinin subunit and nisin (0·5% w/v), but only slightly by β-conglycinin and moderately by lysozyme.
which represent 34% and 27%, respectively, of the proteins occurring in the isolate [14, 15] . The native glycinin is an oligomeric protein having molecular weight (MW) of approximately 350 kDa and consisting of six subunits (AB)6. The acidic (MW= 37-42 kDa) (A) and basic subunits (MW= 17-20 kDa) (B) are linked by disulfide bridges [16] . The Soybean storage proteins lie within the class of high MW proteins. The relative molecular masses of basic and acidic subunits are 20 and 34 KDa, respectively [17] . β-Conglycinin is a trimeric glycosylated protein with a molecular mass of 150-200 KDa [18, 19] . One of the commercial soy products is the soy isolate which consists of dehydrated storage proteins, and is prepared by precipitation at pH 4.5; its protein content is about 90%. The soy flour is characterised by protein content of about 56% and about 34% carbohydrates [20, 21, 22] . White flakes and flour milled to 200 meshes are used in making SPI [23, 24] . The production consists of an aqueous solubilization of protein and carbohydrates at neutral or alkaline pH and the recovery of the solubized protein, separation and optionally washing and neutralization before drying [25] . Three steps are involved in the process of making SPI. (1) The soy flakes or flour are slurried with water under alkaline conditions (pH 6.8-10 at 27-66 ˚C using sodium hydroxide and other alkaline substances approved for food use, so the protein as well as the oligosaccharides can go into solution. The protein solution is then separated from the insoluble residue by centrifugation; (2) the supernatant containing the protein and the sugars in solution is acidified to pH 4.5 (isoelectric point of proteins where their solubility is minimal), by using hydrochloric acid or phosphoric acid. This results in the precipitation of the protein as a curd. Typical process includes several extractions of white flakes or flour and washing of the curd; (3) the solubility of the precipitated protein is restored by neutralizing to alkaline pH 6.5-7.0 after re-dilution with fresh water or spray dried in its acidic form and packed in multilayer paper bags [23, 26] . Hydrophobic amino acid residues; leucine, isoleucine, phenylalanine, valine, methionine, tryptophan, cysteine, tyrosine and alanine (L,I,F,V,M,W,C,Y & A) were observed and related to the total number of amino acids in each subunit to give the hydrophobicity index (% of hydrophobic amino acid residues). The net charge of each domain was calculated by counting the basic amino acid residues; arginine, lysine and histidine (R, K & H) residues as +1 for each one and the acidic amino acid residues; aspartic and glutamic acids (D & E) as -1 for each one then adding the two values algebraically to give the net charge. The sequences of each domain (basic and acidic) in each subunit (G1, G2, G3, G4 & G5) were imported from the Expasy data base (http://www.uniprot.org/uniprot/?query=glycinin&sort=score). These protein fractions based on the above data have cationic and hydrophobic nature [27] enabling it to interact with the bacterial cell wall and membrane.
Charactrzation of chickpea protein isolate fractions
Chickpea seed protein comprises globulins (56.0%), glutelins (18.1%), albumins (12.0%), prolamin (2.8%) and residual proteins [28, 29] , this relatively high glutelin content of chickpea is unique for a legume seed. Chickpea globulins consist of the 11S legumin (320-400 kDa) and the 7S vicilin (145-190 kDa) [30] . The major protein fractions of chickpea showed 39.8 to 46.5 and 24.3 to 25.3 kDa subunits based on SDS-PAGE [31] . These subunits are likely related to the α-and β-polypeptide chains of the 11S protein [32] . Chickpea 2S albumin (~20 kDa) is composed of two polypeptides of 10 and 12 kDa [33] . In evaluating the molecular characteristics of chickpea seed proteins in relation to other legume seed, soybean proteins serve as an appropriate reference as it is the most common plant protein ingredient source. Two types of protein isolates were prepared from ground chickpea seeds by alkaline extraction, with (Isolate-B) and without (Isolate-A) sodium sulphite, and acid precipitation of the proteins at the isoelectric point (pI 4.3).
Antibacterial activity of bioactive protein isolate fractions
Glycinin (11S), basic subunit proteins isolates have cationic and hydrophobic nature [27] enabling it them interact with the bacterial cell wall and membrane. Increasing the positive charge on the protein and peptide molecules enhances their antimicrobial, and more specifically, antibacterial effects. Amidation, which also increases the positive charges on the protein molecules, was found to improve the effectiveness of bovine lactoferrin (LF) against a range of Grampositive and Gram-negative bacteria [34, 35] .These effects are dependent on the interactions of the antimicrobial protein or peptides with structural elements of the bacterial cell wall and membranes [36, 37] .The biological action of these proteins passes often by the formation of more or less transient complexes with DNA. Protein interactions with nucleic acids can alter the biological processes associated with either DNA or RNA of pathogenic microorganisms and might create resistance to invasions.
The antibacterial activity of 11S, basic subunit and 7S proteins isolates have been documented in the recent, both in vitro and in vivo for Gram-positive and Gram-negative bacteria and some spoilage bacteria. Listeria monocytogenes and Salmonella enterica serovar Enteritidis are known to be resistant to antimicrobials. Using agar well diffusion assay, glycinin, basic subunit and β-conglycinin from soybean protein isolate fractions induced inhibition zones against Listeria monocytogenes, Bacillus subtilis and Salmonella Enteritidis. The diameter of the inhibition zones increased proportionally with the increase of the substance concentration. The minimum inhibitory concentration (MIC) of glycinin was observed 100 μg/mL against the three bacteria indicating that the antibacterial action of the substances begins at very low concentration in the same level of penicillin. β-conglycinin showed very high MIC (1000 μg/mL) while the basic subunit recorded the least MIC (50 μg/mL) indicating its greater antimicrobial activity. The substance concentration effect (0-1000 μg/mL) of the three protein fractions against the growth of the three bacteria as compared to penicillin was also evaluated during 24 h of incubation at 37 °C using the conventional broth dilution assay. Concentration dependent effect could be observed in all cases. The substance concentration corresponding to 50% inhibition of L. monocytogenes (G+) (IC 50% ) was 15 μg/mL for penicillin against 16 and 15 μg/mL for glycinin and basic subunit while that of β-conglycinin was considerably higher (695 μg/mL). Close IC 50% levels were observed against B. subtilis (G+), 20 μg/mL for glycinin and penicillin and 17 μg/mL for the basic subunit while a relatively higher value for β-conglycinin (612 μg/mL). The IC 50% of penicillin against S. Enteritidis (G-) was relatively higher (85 μg/mL) than against the other two studied bacteria (G+) while glycinin and basic subunits recorded values within the same level (21 and 18 μg/mL, respectively) indicating that these two protein fractions are more potent against the (G-) Salmonella than penicillin [8] . β-Conglycinin recorded a considerably higher value (526 μg/mL).The time-growth curves of the three bacteria were followed during 24 h at 37 °C as influenced by the presence of the protein fractions (100 μg/mL). Similar reducing effects of glycinin, basic subunit and penicillin were monitored against the three bacteria starting after 6 h of incubation at 37 °C while β-conglycinin was still less effective. The antibacterial action of the three protein fractions starts at early growth stages of the three bacteria particularly with glycinin and the basic subunit. Penicillin was less effective against the growth curve of the G-(S.Enteritidis) than the G+(L. monocytogenes and B. subtilis) bacteria. Transmission electron microscope images of L. monocytogenes and S. Enteritidis were taken after treating with protein fractions at 100 μg/mL for 4 h at room temperature (Fig. 1) . Different signs of cell wall and membrane deformation could be monitored. The most deformation signs were most evident with glycinin and basic subunit manifested by cell wall and cell membrane disintegration, loss of regular cellular shapes, bigger cell sizes and separation of cell wall from cell membrane. Cells treated with β-conglycinin were least affected and showed normal outer shape. Cells treated with penicillin showed less signs of deformations which were generally more evident in case of the (G+) L. monocytogenes than in case of (G-) S. Enteritidis. Scanning electron microscope examination was used to follow the morphological changes of an overnight culture of B. subtilis (10 5 CFU/mL) induced by the treatment with soybean protein fractions or penicillin for 4 h at room temperature. Control cells were morphologically regular and typical. Glycinin-treated cells showed signs of irregular wrinkled outer surface, fragmentation, adhesion and aggregation of damaged cells or cellular debris. More evident irregular wrinkled outer surface, fragmentation, cellular damage and adhesion were noticeable by the treatment with the basic subunit (Fig. 2) . Crystal violet uptake by the bacterial cells after treatment with the antimicrobial agents was used to assess cell permeation. Bioactive protein fractions showed increased concentration-dependent cell permeation where the basic subunit was the most acting. Penicillin permeation effect on S. Enteritidis (G-) was less than on L. monocytogenes (G+). Glycinin was either equal to or better than penicillin in permeation effect. The most effective substance concentration was in the range 50-100 μg/mL. Maximum permeation rates were associated with the basic subunit followed by glycinin which was in the same level of penicillin or even higher in case of S. Enteritidis. The effect of this treatment was conceived after 30 min of treating the bacterial cells with the substance. So, it was intriguing to follow the effect of the substances (100 μg/mL) on the cellular membrane during longer period (30-240 min) of treatment. It could be noticed that prolonging the contact time up to 60 min could increase the permeation of the bacterial cell membranes treated with glycinin or the basic subunits. Cells treated with penicillin reached the maximum crystal violet permeation after a longer period (120 min). The kinetic of cell lysis simulated that of crystal violet uptake, i.e. more rapid cell lysis with glycinin and the basic subunit than with penicillin. Further time prolongation did not produce any additive effect. The cell kill efficiency of basic subunit, glycinin and β-conglycinin concentrations (100, 200 and 300 μg/mL) against a standard inoculums of bacteria (10 5 CFU/mL) was observed that the killing efficiency was in the following descending order; basic subunit>glycinin>penicillin> β-conglycinin. There was a concentration effect but the slope of increasing was very little indicating that the least concentration is quite enough for an important antimicrobial activity. The susceptibility of the bacteria to the antimicrobial agents was in the next order: L. monocytogenes>B. subtilis>S. Enteritidis. The presence of glycinin and basic subunit could evidently preclude the proliferation of the three inoculated bacteria in pasteurized milk while β-conglycinin was less effective. The basic subunits were the most effective. The bacterial load of L. monocytogenes, B. Subtilis and S. Enteritidis, was significantly (p <0.05) and respectively inhibited by 2.42-2.98, 4.25-4.77 and 2.57-3.01 log CFU/mL in glycinin-treated milk after 16-20 days of storage at 4 °C. Higher levels of bacterial inhibition (3.22-3.78, 5.65-6.27 and 3.35-3.72 log CFU/mL, respectively) were recorded when milk was combined with 0.5% w/v basic subunit while limited inhibition extents were observed with β-conglycinin treatment. The basic subunit was more effective than penicillin in counteracting the three studied bacteria and 11S was even more effective than penicillin against B. subtilis and S. Enteriditis, particulary the latter one [8] . In other experimental design, glycinin showed high anti-bacterial action against 3 artificially inoculated pathogenic bacteria (L. monocytogenes, S. Enteritidis and Escherichia coli O157: H7) in bovine raw milk during storage, while β-conglycinin (7S globulin) was much less effective (Fig. 3) . This antibacterial action seems rather bacteriostatic during early periods (4 d at 4 °C and 12 h at 25 °C) and anti-proliferative during later periods of storage, The three pathogenic bacteria did not grow to any significant level (P<0.05) after 24 h at 25 °C or after 6 d at 4 °C in 11S-supplemented raw milk compared with the starting level of each bacterium. This antibacterial action was generally comparable to the action of nisin and excels that of lysozyme. It is significantly higher than nisin against E. coli at either temperature (4 or 25 °C) but not significantly different from nisin against L. monocytogenes (P< 0.05) [11] . Nisin possesses antibacterial activity against foodborne pathogens and it has been applied to control L. monocytogenes in cheese [38, 39] .The bacteriostatic and anti-proliferative actions of 11S against the three pathogenic bacteria are probably exerted through targeting the negatively charged components of the bacterial cell membranes and cell walls [8] by virtue of its positive charges of 11S leading to their disintegration and finally bacterial death [35, 40] . Total viable bacterial count was reduced by about 2.1 log CFU ml -1 after 10 day of storage at 4 ºC and by 2.4 log CFU ml -1 after storage at 25 ºC for 36 h when raw milk was supplemented with 0.5 % (w/v) 11S which is very close to the action of nisin (respective reductions were 2.2 and 2.7 log CFU ml -1 ). After 10 day storage at 4 ºC, all total bacterial count reductions were significantly different from control (p < 0.05) while total bacterial count reductions by 11S, nisin and lysozyme were not significantly different from each other (p < 0.05). After 36 h storage at 25 ºC, all treatments were significantly different from control and from each other (p < 0.05). The maximum magnitude of psychrotohpic bacteria reduction by 11S was 1.9 log CFU ml -1 at 4 ºC (10 day) and 2 log CFU ml -1 at 25 ºC (36 h) compared with 2.3 log CFU ml -1 in case of nisin under either condition. All treatments were significantly different from control and from each other at two indicated time points and temperatures (p < 0.05). The contents of family Enterobacteriaceae in raw milk stored at 4 ºC for 10 day or at 25 ºC for 36 h did not significantly (P < 0.05) change in all treatments from control and from each other. Enterobacteriaceae was reduced by 11S by about 4 log CFU ml -1 at 4 ºC (10 day) and 2.4 log CFU ml -1 at 25 ºC (36 h) compared with 4.74 log CFU ml -1 and 2.6 log CFU ml -1 ,in case of nisin, respectively. Hence, the antibacterial action of 11S against these three groups of contaminating bacteria was very close to that exerted by nisin and much better than that of lysozyme while 7S showed the least effect [11] .
Antimicrobial activity of Lactoferrin
Lactoferrin (Lf) is an 80 kDa iron-binding glycoprotein of the transferrin family. It is abundant in milk and in most biological fluids and is a cell-secreted molecule that bridges innate and adaptive immune function in mammals. Its protective effects range from anticancer, anti-inflammatory and immune modulator activities to antimicrobial activities against a large number of microorganisms. This wide range of activities is made possible by mechanisms of action involving not only the capacity of Lf to bind iron but also to the potential interactions of Lf with molecular and cellular components of the pathogens [41] . Lf exhibits strong antimicrobial activity against a broad spectrum of bacteria (Gram+ and Gram−), fungi, yeasts, viruses [42] . The antimicrobial activity of Lf is driven mostly by two mechanisms. The first involves iron sequestration in sites of infection, which deprives microorganisms of this nutrient and causes a bacteriostatic effect. The second mechanism is the direct interaction of the Lf molecule with the infectious microorganism. In some cases, positively charged amino acids in Lf can interact with anionic molecules on certain bacterial, viral, fungal and parasite surfaces, causing cell lysis. The physiological capabilities of Lf in host defense combined with current pharmaceutical and nutritional needs have led to the classification of Lf as a nutraceutical protein, and for several decades, investigators have looked for the most convenient way to produce it. Three basic approaches are currently being used. First, native Lf can be commercially purified from the milk and colostrum of several mammals. Second, recombinant Lf (rLf) can be generated from bacterial, fungal and viral expression systems. Third, transgenic plants and animals have been generated with express rLF [41] . One of the first antimicrobial properties discovered for Lf was its role in sequestering iron from bacterial pathogens. This was believed to be the sole antimicrobial action of lactoferrin because apo-lactoferrin possessed antibacterial activity [43, 44] . It was later demonstrated that lactoferrin can also kill microorganisms through an iron-independent mechanism [45] in which lactoferrin directly interacts with the bacterial cell surface [46, 47] .
Antimicrobial activity of lysozyme
Lysozymes are naturally present in foods such as cow milk (ca. 0.13 mg/ml; [48] ).with bacteriostatic and bactericidal properties against both Gram-positive and Gram-negative bacteria [49] . Lysozyme has a special relationship with lactoferrin. Lactoferrin first binds tightly to components of the outer cell membrane that is, lipopolysaccharides, of Gram-negative bacteria, and creates holes in the membrane, through which lysozyme then enters the glycomatrix of the bacteria degrading it and effectively killing the pathogen [50] . The yeasts were not inhibited using lysozyme, nisin and sakacin, glycinin, basic subunit and β-conglycinin protein indicating that these substances are not effective in controlling these microorganisms in vitro or in vivo (data not published). 
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Bioactive proteins from mushrooms
Many mushrooms are excellent sources of protein. There are various mushroom proteins with interesting biological activities, such as lectins, fungal immunomodulatory proteins , ribosome inactivating proteins , ribonucleases, laccases, antimicrobial/antifungal proteins and other proteins, which have become popular sources of natural antitumor, antiviral, antimicrobial, antioxidative, and immunomodulatory agents [51] .
